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Improved Deposition Method 


(57) This Invention relatet to 
ranap.rentgl«88 window structures 
o7the type bearing a first coating 6 °f 

Infra-red reflective «^ =^ 

advantageously less than about 0.85 

microns in thickness, wherein the 
obUanc. of Iridescence 
fromsuchaflrstcoathglsmaricedly 

reduced by the provision of a layer 4 
of continuously varying refrartive 
index between the glass 2and he 

coating 6, such that the refractive 


Index increases continuously from the 
glass to the first coating, thereby 
preventing the observation of 
Iridescence. The coatings are applied 
by passing the substrate through a 
reaction zone in parallel with a reactive 
gas mixture which contains 
components for forming the two 

coatings, wherein the reaction to form 
the first coating proceeds more 
rapidly. A particular advantage of the 
Invention la Its efficacy with clear and 
lightly tinted glasses wherem the 
problem of iridescent color has had its 
greatest commercial impact. 
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R- red 
8- blue 
G- green 



FIG. 2 


2015983 


2/3 


2.1 1 


2.0 - 


X 

u 
o 

2 


UJ 

> 

u 
< 

u. 



iO 


T^^b 40 50 60 TO 
M0LE%Sn02 IN S1O2 

FIG. 3 


80 90 too 


32a 



FIG. 4 


2015983 



GB 2 015 983 A 


10 


15 


20 


25 


3C 


35 


40 


45 


SPECIFICATION 
Improved Depoihion Method 

Backoround of the Invention u..rfn« . 

This invention relates to glass 'trucmires be.rino a 

thin, functional, inorganic coating (e.g. a wat ing 
of tin oxide forming means to promote reflec^vitv 
of infra-red lightj which structures have Improved 
appearance as a consequence re^^uced 
ir^fescence historically associated w'th thin 
coatings, and methods for achieving the aforesaid 
structures. , , l.. 

Glass and other transparent ^urh 
coated with transparent 

89 tin oxide. Indium oxide or cadmium ^«^^^^^'}^ 
order to reflect infra-red ^-diatlon. Such rnatariai, 
are useful in providing windows *'^»\f";;""°^ 
insulating value {lower heat ^-"^^^^'^J^^J^ 
in ovens, architectural windows, «rtc. Coatings of 
these same materials also conduct a ectricitv. end 
are employed as resistance heaters to heart 
windows in vehicles in order to remove fog or ice. 

One obiectlonable feature of these coated 
windows is that they show tntarference a)lor« 
(iridescence) In reflected light, and, to a laaser 
extent in transmitted light. This l^daac^^^^^^^^^^^ 
been a serious barrier to v^'despread uae^these 
coated windows (see. for example. America 
Institute of Physics Conference Proceeding No. 
25, New Yorit, 1 976. Page 288). 

In some circumatances. i.e. when the glaaa is 
quite dark In tone (aay, having a light 
"ransmlttance of lees than about 25%UWt 
Iridescence is muted and can be t° •"^^ 
However, in most architectural wall 
applications, the «Hdeacent effect normally ^ 
associated with coatings of lata ^en about OJ^ 
microns Is aesthetically unacceptable « "^'"Y 
people (See. for example. U.S. Patent 3,7 10,074 
to Stewart). 

Iridescent color, are quite a general , 05 

phenomenon in transparent films »nth« ^h'^*^"' 
range of about 0.1 to 1 micron, eapedally at 
thicknesses below about 0.85 micron 
Unfortunately. It la precisely this range or 

.Mrkn«s which Is of practical Importance in most 
thickness wnicn s o iM e^„,^«nductor coatings 


^^'^rr:i:'pP.'alS I^O =readu... 

^r_^'^ri^l'J ?o 1^^^^^ A further obi. 


As a result of these technical and economic 
constraints, almost all present commercial 
production of such coated glass articles compnse 
films in the thickness range of about a 1 to 0 3 
microns, v^iich display pronounced iridescent 
colors. Almost no architectural use of this coeted 
glass is made at present, despite the fact that It- 
would be cost-effective In consen/Ing energy to 
do ao. For example, heat loss by infra-red 
radiation through the glass areas of a heated 
building can approximate about one-half of the 
heat loss through uncoated windows. The 
presence of Iridescent colors on these coated 
glaaa products la a major reason for the failure to 
employ these coatings. 

Co-pending United States Application. S.N. 
784 542, discloses means to reduce this 
iridescence to unobservably small vatuea. by 
means of an additional layer or layers placed in 
register with the main coating. Including a 
gradient-type coating. The present disclosure is 
directed primarily tjward Improved means for , 
forming such a gradient-type anit-iridescent layer. 

Summary of the Invention 

It is one object of the present Invention to 
provide means to eliminate the visible iridescence 
from seml-conductlng thin film coatings on glass, 
while maintaining their desirable properties of 
visible transparency. Infra-red reflectivity, and 
electrical conductivity. 

Another object of the present Invention la to 
achieve the above goals without Increasing the 
coat of production .igniflcantly over the coat of 
using ordinary iridescent films. 

Another object of the present Invention s to 
achieve the above alms with a process which Is 
continuous and fully compatible with modem 
manufacturing proceaae. in the glass Inclua r/ 

A further object of the present Invention Is to 
achieve all of the above goals with products 
which are highly durable and stable to light, 
chemicals and mechanical abrasion. 

Another object is to achieve all of the above 
goals using materials which are sufficiently 
abundant and readily available to permit 


50 


55 


60 


commercial — . . .k«i*j 

tKinn-r than about 0.1 micron do not show 

markedly Inftrior r«fl«Mnc of lrrf«^ "Bht 
, m.rk.dly rtductd cpaelty to conduct 

•"Silmas ti^lckT th.n .bout 1 mterjj. do 

not thow visible lrid«ic«ne» In deyllgM 

U°urn.tlon. but «.ch thick 

mor. .«p.n.lv. to m.k., .^c. '-flr™";" 

coating materials are required, and th. time 

necessaivtodeposhtheeoatlnsia 

eorrespondlnBly lonsar. ^tlTl!^ 
than 1 micron have a »"<>*"«^ 
which arises from light scattering fro™ wrftw 
irragularltles. which are larger on such 
sue? film, shew s greater ^""'"^^T^^ 
under thermal stress, bacaus. of differential 
thermal expansloa 


A further object of the Invention is to provide 
means to reduce the total arnount of I ght 

r^ect«i from th. '^•^•^^ J SSt by 

thereby Increase the toul transmission of light by 

116 the glass. 

Another object of the Inventlonis to provide a 

Qlau atructure comprising a compound coating 
therein an outer coating t. formed of an nfra-red 
reflecting surface of about 0.7 micron or less and 

120 wherein en inner coating forma means for tai 
reducing haie on the coated glaaa and. 
JmuKaneoualy and Independently (b) reducing 
the Iridescence of the glaas atructure. 

A further object of the im/entlon is to provide a 

125 Qless structure having the non-iridescent 

cheracteristlcs referred to above which structure 
is characteriMd by a gradual change In coating 
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composition between glass and said outer 
coating. 

Other objects of the invention are to provide 
novel apparatus and processes which are suitable 
c for making the above identified novel products 
and, indeed, which are suitable for use In making 
coatings of gradually changing compositions and 
from gaseous reactants whether or not such 
coating be on glass or some other substrate and 
1 0 whether or not such coatings comprise a ^ 

maximum amount of one component within or at 
an extremity of the depth of the coating structure. 

Other objects of the invention will be obvious 
to those skilled in the an on reading the instant 
1 5 invention. 

The invention utilizes the formation of layers of 
transparent material between the glass and the 
semiconductor film. These layers have refractive 
indices intermediate between those of the glass 
20 and the semi-conductor film. With suitable 

choices of thickness and refractive Index values of 
these intermediate layers, it has been discovered 
that the iridescent colors can be made too faint for 
most human observers to detect, and certainly 
2 5 too faint to Interfere with widespread commercial 
use even In architectural applications. Suitable 
materials for these intermediate layers are also 
disclosed herein, as well as processes for the 
formation of these layers. 
30 In the preferred form of the invention, these 
intermediate layers blend together continuously 
to form a graded layer In which the refractive 
index varies, preferably in a " 
one moves through the layer away from the glass 
35 toward the semiconductor coating, J/'J"* 
at the glass surface matching the Index of the 
glass to refractive index value matching that of 
the overlying semiconductor film, at a point 

proximate to that overlying fitnn. ,„„„u 
40 A coating with refractive Index varying through 

its thickness may be produced by a novel method 
disclosed herein, in which a gas mixture with 
component, of different reactivities, flows along 
the surface of a moving glass substrate. 


45 Methods and Assumptions 

It Is believed desirable, because of the 

sublectlve nature of color perception, to provide a 
discussion of the methods and assumptions 
wh^ch have been uMd to evaluate th« Ujvemlon 
50 disclosed herein, it ahould be """"^^^^ 
.pplteation of much of the theory 
."^^^^spective m nature b-cause the information 
necessarily is being provid^l in hindsight U. by 
one having a knowledge of the Invention 
55 disclosed herein. 

(n order to make a suitable quantitative 
evaluation of various possible . ^ 

which suppress Iridescent "''o™'*^' 
of such colors were calculated using optical data 
60 and color perception data. In this discusslonjilm 
layers are assumed to be planar, wuh "n^°"^ 
thickness and uniform refractive index within each 
layer. The refractive Index changes are taken to be 
abrupt at the planar Interfaces between adlacent 


65 film layers. A continuously varying refractive index 
may be modelled as a sequence of a very large 
number of ven^- thin layers with closely spaced 
refractive indices. Real refractive indices are used, 
corresponding to negligible absorption 

70 losses within the layers. The reflection 

coefficients are evaluated for normally incident - 
plane waves of unpolarized light. 

Using the above assumptions, the amplitudes 
for reflection and transmission from each 

7 5 interface are calculated from Fresnel s formulae. 
Then these amplitudes are summed, taking into 
account the phase differences produced by 
propagation through the relevant layers. These 
results have been found to be equivalent to the 

80 Air/ formulae (See. for example. Optics of Thin 
Films by F. Knittl, Wiley and Sons, New York, 
1 976) for multiple reflection and interference in 
thin films, when those formulae were applied to 

the same cases. . ,. u. u 

85 The calculated Intensity of reflected light has 
been observed to vary with wavelength, and thus 
is enhanced In certain colors more than In others. 
To calculate the reflected color seen by an 
observer. It is desirable first to specify the spectra! 
90 distribution of the incident light. For the purpose, 
one may use the International Commission on 
Iliuminatlon Standard lltumlnant C. which 
approximates normal daylight Illumination. The 
spectra! distribution of the reflected light Is the 
95 product of the calculated reflection coefficient 
and the spectrum of llluminant C. The color hue 
and color saturation as seen in reflection by a 
human obsen/er, are then calculated from this 
reflected spectrum, using the uniform color scales 
1 00 such as those known to the art One useful scale 
is that disclosed by Hunter in Food Uchno ogy, 
Vol 21 pages 100-105, 1967.Thi8 scale has 
been used In deriving the relationship now to be 
disclosed. 

1 05 The resulu of calculations, for each 

combination of refractive Indices and thicknesses 
of the layers, are a pair of numbers, i.e. a arid 
"b" "a" represents red (If positive) or green (if 
negative) color hue. while "b" describes a yellow 
110 (if positive) or blue (If negative) hue. These color 
hue results are useful In checking the calculations 
against the observable colors of samples 
including those of the invention. A slngls number. 

"c". represents the "color saturation" : 

116 c-(a'-fb')''*. This color saturation Index, c , is 
directly related to the ability of the ays to detect 
the troublesome iridescent color hues. When the 
Mturatlon Index is below a "rtaln value, one Is 
not able to see sny color In the reflected light. The 
1 20 numerital value of this threshold saturation of 
obsen/abitlty depends on the psrticutar uniform 
color scale used, and on the viewing conditions 
and level of Illumination (see. for example, R. b. 
Hunter. TAe MtBSunm^nt ofApp9Branc9, W.iey 
1 25 and Sons. New Yoric. 1 975. for a review of 
numerical color scales). 

In order to establish a basis for comparison of 
structures a first series of calculations was carried 
out to simulate a single semiconductor layer on 
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80 


20 


85 


qiass. The refractive index of the semiconductor 
fayer was taker, at 2.0. which is a value 
approximating tin oxide, indium ^ 
cadm.um stannate films. The value 1 -52 was used 
c for the glass substrate; this .s a typica! of 
^ corr^mercial window giass. The "Icula ed color 
saturation values are plotted m Figure 1 as a 
L Jc on of the semiconductor film thickness. The 
S satulatlon Is found to be high for -Sections 
10 from films in the thickness range 0.1 ^^^-^ 
f^°crons. For films thicker than 0.5 micron, the 
color saturation decreases with incre»'"8 
hlckness. These results are in acco|t^ w;^^ 

(,ual itative observations of actua fH-^*- J^' 
, 5 pronounced oscillations are V° rrat 
sens.tivity of the eye to different spectral 

Lnnihs Each of the peaks corresponds to a 
wavelengths, cacn ui tno ^w. /o— rsH 

particular color, .< m»*ed on th. curv. (R-red, 

Using these results, the minimum obtewewe 
value ofcolor saturation was established by the 
following experiment: Tin oxide films *rfth 

continuously varying thickness, up to abou r5 

microns, were deposited on 0'"f '',,^,3' 
■5K n.i(laiion of tetramethyltin vapor. The thicKness 

X _ -K«.it A^o«»C to BOCC across the glass 
ractTh. th°'nrss profile was then measured 
by Observing the interference ["nges under 
30 monochromatic light. When obaerved und^^^^^ 
diffused daylight, the films shovved '""'l':""', 
lr!,r,r, at the correct positions shown in Figure 1. 
^^'^ponlon'sof the fi^^s with thlckne-e. are.ter 
- n oc mirron showed no obaervaDie 

peak calculated to He at a th^=l<'»» ° "-^^ 

rbrn cl'lni .'the calculated valu. for thl. 
„«rHowever a faint red peak at 0.81 rnicron 
d be'teen under good vi-^^nS "ndltlon. -Q. 

« a Mark velvet background and no coioreo 

observability of reflected color under day^^ht 
viewing condltiona. In other words, a aMor 
XaSon of more than 1 2 ""1? •PP^'^ " * 
65 visibly f'oXs" ha" iVu: " . . o-tral. 
" leCtVa^^^^^^ will be little ob|ec,lon 
,0 ommSatlon of producta having color 

«° :st,lC'^tn m^rde'i. ^.reln.'t.r^;''- . 
ppears W b. no practical r.."" w^V ^ most 
sSvantageou. products . cco^^ ^g to the ^ 

invention, e.g^ those charane z y 
65 color-free surfaces. I.e. below aooui o, 


90 


96 


40 


4S 


"^rva^ron'2^r less is indicative of a reflection 
which does not distort the color of a reflected 
Tm ge in an obse^able way. This thresho d value 
of 12 units is taken to be quantitative standard 
with which one can evaluate the success or 
failure of various multilayer designs, m 
^uDoressing the iridescence colors. 
'"l'o"ng?with a thickness of 0 
greater have color saturation values less than th,s 
threshold of 1 2, as may be seen In Figure V 
Experiments confirm that th... thicker coatings 
do not show objectionable Iridescence colors .n 
daylight Illumination. 

Us. of ai^ InteHiyar of Graduated Refractive 

'""uLs been dl«:overed that a film Intermediate 
be ween the glass substrate and a semiconductor 
"yeTcan b^ built up of . graded composition, e^g. 
gr'adually changing from a silica film to a tin oxid. 
film Such a film may be pictured as one 
»mprising a vary large number 
layers Calculations have been made of reflected 
color saturation for a variety of refracts, index 
nnrfi es between glass of refractive index n-1^52 

semiconductor coatings of refractive index 
n=2 0. For transition layers thicker than about 
0 15 micron, th. calculated color saturation Index 
1, usually b.low 12, I.e. neutral to the eye, and 
Hanaltlon. more than about 0.3 m cnona h. 
^L, always undetectable. Th. exact shape of 
Sartve n<i.x profile ha. very little effect on 
;t;:s?r™sul» provided only th.t th. change 1. 
gradual through the graded layer. 

1 00 Whet Materlala etn b» Used 

A wide range of transparent materials are 
.mnna those whIch can be aelected to make 
'pSa mee^ng th. aforeaald erlt.d. by forming 
S™l-Wdescent und.rco.t layer. V.rlou. metal 
1 05 ox d« and nitrides, and their mixtures have the 
co,™et optical properll.. of tran.p.r.ncy and 
Xctlv. index. Table A Hats some mixtures 
«h'h have th. correct refractive Ind.x rang, 
retween gl.sa and a tin oxide or Indium oxide 
1 1 0 S'r"^ weight percent, neces.anr can be taken 
from measut»d refractive index versus 

'~:^.i;ion curve., or cic"!'"-!, ""i;*;* usual 
r *- I »r*nT law for refract v« Indices ot 

1 1 B so™. New Y0T976, Page 473). -•'"'•'^ 
^rtlv. indie, tor th. pure flima. Thi. mixing 
3w ganerally give, aufflelently .ecurate 
mre^lltlona for optical work. althouOhth' 
ealcu^twJ refractive Indlc. "m'""!' 
• 120 Xhtly lower then th.m..junjdv.lu.^^^^ 
r^ctive IndlcM also vary eomawhat with 
Si^^tlon method and "n"'*""' 'S?'"^;! 

Rgure 3 give, a typical eu-ve of 
,nd.x%.r.u;compo.hlon for^e lmPO"«n' 
1 25 of .llicon dloxide-tln dioxide mixtures. 

^'som^e combinstions of compound, yielding 
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transparent mi,tture$ whose refractive indices 
span the range from 1 .5 to 2.0 


SiO, 
SiO, 
SlOj 
SiOj 


SnO, 
TiO, 

CdjSnO, 


Process tor Forminfl Filme 

Films can be formed by simul.an.ou. vacuum 
, 0 evaporation of the appropriate mat.na^a of 
appropriate mixture. For coating of iBrfle areas 
sSch a window 9I.". ch.miea. vP°;<i«P«'l 'o" 
ICVO) at normal atmosphenc pressure is mow 
convenient and less wcpensive However, th. CVO 
1 5 method requires suitable volatile compounds for 
' ' ring each material. Silicon dioxide can ^ 
deposited by CVO from gases such 
dlmethylsllan. (CH,),SiH,. etc. UquWt 
sufficiently volatile at room "-"P*;*'"^^^^^ 
20 almost as convenient as gases; M<™'"«"^tln i» 
" Tc° a source for CVD of tl" =0">P0"nd.. wWte 
(C,H,).S1H, and SICI. are volatile bquid sources 

""A'continuously graded layer of '"'"^^ 
2B tin oxide may be built up during « ^^Tpf flla« 
coating process on a continuous °; »' S^"" „ 

mwure first strikes the hot 9'"» '* , 

ronurt w"h the oiaM •«rf«e, the proportion 
46 S«"n the de'poelted film incr....S; unt^l at 
he exheuet end of the d«PO.Ition J^^n the 
.illcon compound h.s been ^-^V f m^^^^ 
depleted in the gas mixture and th« ^epot'^^^^ 
fom^ed there is nearly pure tin o«»^J;Slnc^^^^^ 
50 nt*M la also continuallYidvanctng from the 

at lY sHicon-rich (Initial) dapoajtlon njglon to 
; r'elatlvely tin-rich Iflnal) r-flion ^^^^ 

X« fcSn then be used toJ>uild up ^^^^ 
60 layeni of pure tin oxide, or layers of tin ox.de 
doped, for example, with fluonne. 

^ k suitable gas mixture fo;; P"'^"• 
preferably includes the oxldHable silicon 


compounds. 1,1,2.2,-tetramethy!disilane 
65 (HMe,SiSiMe,H): 1.1,2,-trimelhyldisilane 
HWsiSiMe,H, and/or 1,2, dimethyldis.lane 
{H,MeSiSiMeH,> along with tetramethyit n 
(Ma.Sn). It has been found that the in.uatlY 
deposited film is silicon-rich, and has a refractive 
70 index close to that of glass, while the latter part of , 
the deposit is almost pure tin oxide. 

The Si-H bonds in the above-disclosed silicon 
compounds are highly useful in the process, s.nce 
compounds without SI.H bonds. •"'^'^ » 
75 tetramethylsilane Me.Si. or hexamethyldisilane 
Me,SiSiMe3. are oxidized more slowly than ts 
tetrimethyUin. and the Initial deposit » "^ajn V^'n 
oxide end the latter part of the deposit is mamly 
silicon dioxide, in such a case. i.e. when one is 
80 using compounds such as Me.Si. one may flow 
the gas and glass in oppo5/fe directions In order to 
achieve the desired gradation of refractive Index 
pJo\Jded the gas flow I. faeter than the glass f ow. 
However, the preferred embodiment is to use the 
85 more easily oxidliable silicon compounds, and 
concurrent gas and glass flow directions. 

,t is also desirable, in forming coatings wherein 
the composition varies monotonlcfllly with 
distance from the substrate, that the silicon 
90 compounds have a Si-Si bond as well the S^H 
'° bond. For example, a compound contain.nQ Si-H 
but not SiSi bonds, dimethyisilane MejS.Hj. along 
wi h Tetramethyltin, produces an initial d epos, of 
^ariy pure tin oxide, which then becomes ..neon- 
95 rich . t en /nftrm.tf/.fi time and finally become 
tl^rich still later in th. d.po.ltlon. Although 
tpncsntdoesr^twl^^^^^^^ 

Sat'e?s;:r.d^-J^^^^^^ 

10olnSSecSmpo.ltlonlnwhicM^^^ 
migrates to the neighbouring silicon 


HMe,Si-SlMe,H-.Me,SIHj+Me,Si. 

The reactWe dlmethylsilyi.n. M/.Sl specie* is 
fh^n rmoidlv oxtdU.d. rele.sing free radicals such 

reactive sllylene radicals, forming a chain 
rSarton. The tetramethyltln 1. lee. react v. to 
rh.r. radicals, and thu. "-I"^'""™ 
1 1 n i.t.r etaoas of the oxidation. The Me,SlH, lecKS 
' ' ° ra^d tnltial decompoaltlon step, .nd thus, 
cannot begin oxidation until after eome 
«tr.m.lh?ttln he. decompoMd » '"^ ' 
ICH OH 0, etc.) which than preferentle ly lttecK 

, 1 5 KsiH, « int.rn,.dl.t. timj^i, umH h. 
MtJSW, la conaumed, after which 
nidation of t«r.m.thv1tln become, dominant 

1. pref err*, to hrr. .« I"« ^".VhT 
120 group. In th. diall.n. <»";f """"J^i^,:;,',, .r. 
disllanes with one or "° '^•'^,f,'"„7;„, be 
,ponun«5u.lYflimmable in "'r'™ 
pV^.rT,ixed with an inert ga« such as n.troger, 
Other hydnjcarbon radicals " "^^^^ 
1 25 propyl, etc., may replace methyl ,n the above 
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70 


75 


80 


compounds, but the methyl ore. ere more vol.tll. 

Hf^e 'p-'^V alkylated pCysllene, ,u=h 
polyalkyl-substituted triellenes or tetresilanes, 
5 function in . »v.y almiler to the d'*^"". 
However, the higher polysll.nes ere h.rd.f to 
synthesize, and less volatile then the di.llanee. 

- -:re™:reKnor;:^r t.he 

oxide, ° substrate and the coating 

interface of the glass suosua^o , . . 

inhibiting layer may be very th.n. e.g. In the 
of 25 to 100 angstroms. 

,0 Ro"u?"t7;r.ph lllu«r.tlo8 the verie.lon of 

'° c.lcu,3«d color'lnt'nsity of v.riou, colors «lth 

semiconductor film thicluiess. 

Figure 2 ^""n^'^.^^r.V;^ 1 ^structed 

30 Representing the gradual trensitlon from 1 00% 

fecilitete the description t^-'™"' f^* 
apparatus of the type convenient for use in the 
35 process of the invention. 

rpS:of1*S«'inoxld.9~dl^^ 

,t the glass surf.ce, a. a function of get 
=Tgl'4— ^ 

.nown for P"5'0"S°l?"|7c.".d on raller. 12. 

lirdTe^^^H^"-^^^^ 

and 1 4 is PO«"l°"«'' ""^"'S '"d . ga. outlet 
50 comprises a A" '"'•'^"t2"nd 20 and MP.r...d 

r;?^mrrtra 

. Hurt 25 forming means to carry a ne« 

:r.?gt!ruid,v?wch.intu^^^^^^^ 

55 cool gas "^'"f !T,'S''T!he tampi"ture li ch. 
flowing through duct 20, ^*}*^ .utneiently 
MatexchengefluWlsmamt n^^^^^ 

low temperature so 

piece on '"-^^ °* Tni','i:.'^,™ugh a .m-Uke 
60 Ges entering f ° '^'.^on lone formed 
opening 28, ' o?du« aSembly 1 B end 
by the top surface 3U orouti 

,1^, lower surface of glass "O-Jf": 
reachlnfl. second sllt-llkaopa^lnu 32. the 
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remaining gas is exhausted through du" 22Jt ,s 
during the passage of the gas >'°"9 ^ 
surface of glass sheet 10 that a gradient coa ng 
formed by the selective depletion of on, of the 
reectants at different points along the «ngth of 
the deposition zone between rollers 12 and 14, 

In the apparatus of Figure 4 a second gas duft 
assembly 38 is used to complete the deposit on 

« coating, e.g. by adding a fluoride-doped tin 
oxide coating to the pre-deposited gradient 
coating. Again, it is convenient to have gas enter 
fhe upstream port 28a and leave the downstream 

The ducting is suitably formed of corrosion 
resistant steel alloys and comprises a |acke. 50 of 
thermal insulation. 

iiiuMretiveExtmplM of the Invention 

iMWs application and accompanying drawings 
there Is shown and described a P"'*™'', . 
embodiment of the Invention and sugge. ed 
Serious alternative and modification. th«™P'- b"' 
i, is to be understood that these are not Intended 
0 be exhaustive end thet other change, and 
mrSlVcations can be made within the scop, of 

n^rt-inrdtdT^^^o^^^^^^^^^^^^^ 
Srtsr^r"^^^^^^^ 

rh-reof and be able to modify it and embody -t 
thereof ana °^ ^e best suited 

In a vanety of forms, eacn as may 
in the condition of a particular case. 

^cTassVeated to about 580»C is moved at a 
Figure 4. The temperature of ^J^ Q" by 

wKh 1 9M mbrture of the following composition 

Un mole percent); - 

tetramethyldisllana 0.7% 

tetramethyltin ^-g. 
bromotrWIuoromethane ^^^^^^ 

dry air 

The Mcond depoeWon region is supplied with . 
mixture of the following composition (In mole 

percent): 

tetramethyltin 
bromotrifluoromethane 

dry air 


105 


110 


115 


1.6% 
3.0% 
balance 


120 


to be 5 ohms per square. The coating Is about 0.5 
microns thick. 

Example 2 

The deposition described in Example 1 Is 
repeated, the only difference being the 
composition of the gas mixture supplied to the 
first deposition region; 


1 .2 dimethyldfsHane 
1,1,2 trimethyldisllane 
10 1,1 ,2,2 tetramethyldtsilane 
tetramethyltin 
bromotrifluoromethane 
dry air 


0.4% 
0.3% 
about 0.02% 
1.5% 
2.0% 
balance 


The properties of the resulting product are 

1 5 indistinguisable from those of Example 1 . 

Samples of these coated glasses have been 
subject to Auger chemical analysis of the coating 
composition along with ion sputter-etching to 
reveal their chemical composition versus 

20 thickness. Figure 5 shows the resulting chemical 
composition profile of the deposit over the region 
in which it varies. Near the glass surface the 
deposit is mainly silicon dioxide, with about one 
silicon atom out of eight being replaced by tin. As 

25 the distance away from the glass surface 

' increases, the tin concentration Increeses and the 
silicon concentration decreases, so that by 
distances greater than 0, 1 8 micron from the glass 
surface, the deposit becomes tin oxide, with 

30 about 1 .5 percent of the oxygen replaced by the 
■ fluorine. Using Figure 3, the siiicon-tln 
composition profile is converted to a refractive 
index versus distance profile, which is also plotted 
in Figure 5. These results confirm the ability of the 

35 disclosed process to produce the desired variation 
of refractive Index through the thickness of the 
deposited film. 

Example 3 

A tin oxide coating is placed on a glass 
40 substrata at different thicknesses (the glass 
substrate Is first coated with an ultra-thin film of 
silicon dioxide to provide an amorphous, haze- 
inhibiting surface.) 


Th/ckness of 
45 Tin Oxida 
0.3 micron 
0.6 micron 
0.9 micron 

50 1 ,3 micron 


Iridescence Visibility 
strong 

distinct, but weaker 
barely detecuble except In 

fluorescent light 
weak, even In fluoreecent 
light 

The latter two materials are not aesthetically 
objectloneble for architectural use, confirming the 
visual color saturation scale used to evaluate the 

55 designs. 

In order to provide the moet effective suppreesion 

ot iridescent color, It Is desirable that the 

refractive Index of the Initial deposit match closely 

that of the glass substrate, preferably to within 


60 +.04, or more preferably to within ±.02 refractive 
index units. In order to achieve this match, one 
varies the parameters of the deposition, 
particularly the ratio of tin to silicon atoms In the 
Inlet gas. As an example of such variation, Figure 

65 6 shows the variation of refractive index in the 
initial deposit fronn tetramethyltin plus 1 ,1 ,2.2 
tetramethytdisllane gas mixtures, as a function of 
gas composition. The other parameters for these 
depositions were fixed as In Example 1 . Figure 6 

70 shows, for example, that an Initial deposit of 

refractive index 1.52 (appropriate to match usual 
window glass refractive Indices) Is produced by a 
gas composition of equal numbers of silicon and 
tin atoms. Matching to 1 .52 +.02 Is achieved 

7 5 when the gas composition Is kept between 47 
and 52 atomic per cent of tin. While these exact 
numbers may differ somewhat In other conditions 
of deposition such as other temperatures or other 
compounds, it Is a matter of routine 

60 experimentation to establish calibration curves 
such as Figure 6, in order to produce a suitable 
match of refractive Indices between the substrate 
and the initially deposited coating composition. 
It Is to be noted that the reflection of light from 

85 the surface of the coated products of Example 3 is 
about 16 to 1 7%. I.e. about 10% higher than that 
from the coated glass in Examples 1 and 2 which 
do have a graded undercoat according to the 
invention. 

It is also to be understood that the following 
claims are intended to cover all of the generic and 
specific features of the Invention herein described 
and all statements of the scope of the invention 
which might be said to fall therebetween. 

95 Claims 

1 . A process for continuous coating of a 
substrate by a film formed of reactive 
components of a gas mixture In which properties 
of the coating vary continuously through the 

1 00 thickness of said film, said process comprising the 
steps of: 

(a) flowing said gas mixture through a reaction 
zone defined by a flow path for said reactive 
components contiguous to, parallel with end 

1 05 bound by, a surface of the substrate 

(b) depositing, preferentially, a reaction product 
derived from a mora reactive component of said 
mixture on a portion of said surface exposed 
eariler to said gaa mixture. 

1 1 0 (c) depositing, praftrantlally, a reaction product 
derived from a lasa reactive component of said 
mbcture on a portion of tald surface exposed later 
to utd gas mixture, and 

(d) moving aald substrate surface through said 

1 1 5 reaction zone In a direction parattel to said flow 
path to obtain a change In the composition of said 
coating throughout the thickness of said coating, 
as said substrata emerges from said reaction 
zone. 

120 2. A process as In Claim 1 in which said 
substrate Is composed of glass. 
3. A process as In Claim 1 In which said 


7 
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reaction products are produced by reaction of said 
gases induced by heat from said substrate. 

4. A process as in Claim 1 in which refractive 
index varies continuously from bottonn to top 

5 through said coating. 

5. A process as in Claim 4 in which said gas 
mixture includes volatile silicon and tin 
compounds and an oxidizing gas. 

6. A process as in Claim 5 In which said gas 
10 mixture includes at least one partially alkylated 

polysilane. an organotin vapor, and an oxidizing 
gas. 

7. A process as in Claim 6 in which said gas 
mixture contains at least one of methytdlsiiane 

15 and tetramethyltin. 

8. A process as in Claim 7 in which said gas 
mixture contains 1,1,2.2 tetramethyldisllane; 
1,1,2 trlmethyldlsiiane; 1,2 dimethyldlallane or 

mixtures thereof. 
20 9. A process as in Claim 2 In which refractive 
Index varies continuously from bottom to top 
through said coating. 

10. A process as in Claim 2 In which said gas 
mixture includes volatile silicon and tin 

2 5 compounds and an oxidizing gas. 

1 1 . A process as In Claim 2 in which said gas 
mixture Includes at least one partially alkylated 
polysilane. an organotin vapor, and an oxidizing 
gas. 

30 1 2. A process as in Claim 2 In which said gas 
mixture contains at least one methyldlsllane and 
tetramethyltin. 

1 3. A process as in Claim 1 0 In which said gas 
mixture contains 1,1,2,2 tetramethyidisilane, 

3 5 HMejSlSiMejH; 1 .1 ,2 trimethyldisllane 
HjMeSiSiMSjH; 1 ,2 dimethyldisilane 
H.MeSlSlMeHj or mixtures thereof. 

14. A process as in Claim 2 in which said 
reaction products are produced by reaction of said 

40 gases induced by heat from said substrate. 

1 5. A process as in Claim 3 in which refractive 

Index varies continuously from bottom to top 
through said coating. w i 

1 6. A process as defined In Claim 10 wherein 

45 the proportions of said reactive components are 
$0 selected to achieve e coating compoaltlon 
proximate to said substrate of at leatt 60^510, 
end a coating composition moat remote from aaia 
substrate of at least 95% tin oxide. 

50 17 A process for forming on a tubitrate. a thin 

coating which has a changing compotWon from 
a predominantly first coating composition nearest 
the substrate to a predominantly eecond coating 
composition more remote from the eubttrate, aald 

65 process comprising the steps of: 

(1 ) introducing into a firet end of a reaction 
chamber and out the other end of said chamber a 
mixture of a first reactant gas from which said 
first coating compound Is formed, 

60 8 second reactant gas from which aald second 
coating compound Is formed, and 

a third gas which forms means to react with 
each of said reactant gases to form said coating 

compounds, 
65 wherein said first reactant gas reacts at a 


substantially different rate with said third gas, 
than does said second reactant gas. the different 
rate of reaction with said third gas forming means 
to provide a difference in relative concentration of 
70 said reactant gases from one end of said chamber 
to the other and to provide different quantities of 
said coating compounds from one end to another; 

(2) continuously passing a substrate to be 
75 coated through said reaction chamber from said 

first end of the chamber to said other end of the 
chamber; and 

(3) coating said substrate with a progressively 
changing composition as It moves through said 

80 chamber, said composition formed by depositing 
said coating compounds said compositions 
indicative of the relative reactivity and 
concentration of said reactant gases along said 
chamber. 

85 1 8. A process as defined In Claims 1.2,3, 12, 
1 3, 1 6 or 1 7 wherein said reaction products are 
deposited at auch a rate that tald change in the 
coating compoaltlon Is monotonlc resulting in a 
gradual increase of the refractive index of said 

90 coating as the thickness of said coating on said 
substrate increases, 

1 9. A process as defined in Claims 1 , 2. 3, 4, 5. 
6, 7, 8, 9. 1 0, 1 2, 1 3, 1 4, 1 6. or 1 7 comprising 
the step of terminating said coating operation 

95 with an infra-red reflective overlay of tin oxide anc 
wherein the total coating thickness is from about 
0.1 to 1.0 micron thick. 

20. A process as defined In Claims 1.2,3. 4, 5. 
6.7. 8, 9, 10. 12, 13, 14, 16, or 17 wherein said 

1 00 coating is of such a thickness thst it forms means 
to suppress visible irridescence, on the surface of 
a product of said process, as defined by a 
maximum Color Index value of about 12. 

21 . A transparent glass product substantially 
1 05 free of iridescent appearance, having a glass 

substrate bearing a coating which is substantially 
uniform across the surface area thereof, said 
coating consisting of 

(a) a tower coating zone comprising a material 

1 1 0 formed of at leatt two components which is 
characterized by a gradual change from a first 
compoaltlon proximate to aald substrate having a 
relatively high proportion of a firet component to a 
aecond competition more remote from said 

1 1 6 tubttrate having a relatively large proportion of 
tald second component; and 

(bl an upper coating zone having a refractive 
Index subttantially the tame as that of said 
second component 

1 20 22. A product aa defined in Claim 2 1 wherein 
Mid lower coating zone Is tubttantiaity linear with 
respect to its molacuiar proportion of said first 
component, as 8 function of distance from the 
glasa substrate. 
125 23. A product at defined In Claim 2 1 wherein 
said first component is SIO,, said second 
component is SnOj, and said upper coating lone 
is fluorine-doped tin oxide. 

24. A product as defined In Claim 23, wherein 
1 30 the coating is less than one micron thick. 
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15 


20 


25 


30 


25. Apparatus for forming a continuous 
coating of progresslvety changing composition on 
heated glass, said apparatus compristng. in 
addition to means to support said glass, to 
maintain in at an elevated temperature, and to 
move it along a continuous processing path, 

the improvement wherein there is provided a 
reaction zone, heving at one end thereof, a port 
means at a first station to introduce and distribute 
a gaseous reaction mixture comprising reactants 
which form products that deposit on said glass at 
different rates, a flow path forming a reaction 
zone wherein said mixture flows along said glass 
surface, port means at a second station to remove 
residual gaseous reaction mixture, said second 
station being relatively positioned along said 
processing path with respect to said first station 
that said heated glass forms means to provide 
sufficient energy to said gaseous reaction mixture 
to achieve a substantial difference In composition 
between the reaction gas mixture composition 
between said first station and said second station. 

26. Apparatus as defined in Claim 25 wherein 
said ports are mounted below said glass, and said 
glass forms the upper boundar/ of said processing 
path. 

27. Apparatus as defined In Claim 25 wherein 
said ports are slit-like openings arranged parallel 
to one another and substantially normal to the 
flow path of said glass. 

28. Apparatus as defined in Claim 26 wherein 


35 


40 


46 


50 


55 


60 


said apparatus is adapted to fit between adjacent 
support rolls of the lehr of a float-glass 
manufacturing line and comprises means to move 
said apparatus vertically and horizontally to 
facilitate positioning said apparatus, and the 
removal of said apparatus from said lehr. 

29. Apparatus as defined In Claim 25 wherein 
said inlet and outlet ports communicate with Inlet 
and outlet ducts, each of which share a common 
temperature control duct, adapted to carty a heat- 
transfer medium which stabilizes and controls the 
temperature of the apparatus, and which forms a 
cooling means for gas In the outlet duct and 
heating means for gss In the Intet duct, all said 
ducts forming an integral unit adapted to fit 
between rolls of a lehr In a float glass line and 
beneath a glass substrate carried on said rolls. 

30. Apparatus as defined In Claim 25 
comprising additionally, a second coating 
apparatus mounted In aeries, within said lehr, seid 
second apparatus forming means to provide an 
additional coating to :.aid coating of 
progresstvely-chenging composition. 

3 1 . Apparatus for forming a continuous 
coating of progressively changing composition on 
heated glass, constructed and adapted to operate 
substantially as hereinbefore described with 
reference to the accompanying drawings. 

32. A process for continuous coating of a 
substrate, subatantlaily as hereinbefore described 
with reference to the accompanying drawings. 
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